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FOREWORD 

Since  November 1965,  Astro  Research  Corporation  has  been  con- 
d u c t i n g   s t u d i e s   o f   t h e   f e a s i b i l i t y   o f  a large  (1500-meter)   orbi t -  
ing   rad io   t e lescope   under   Cont rac t  NAS7-426 f o r   N a t i o n a l  Aeronau- 
t i c s  and  Space  Administration. 

M r .  Robert  Drummond i s  t h e  NASA Goddard  Space F l i g h t   C e n t e r  
Project  Study  Manager,   and M r .  John  Gates i s  the   Technica l   Off icer .  
D r .  John M. Hedgepeth i s  the  Astro  Research  Corporat ion  program 
d i r e c t o r .  
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SUMMARY 

S tud ie s   have   been   pe r fo rmed   o f   t he   f eas ib i l i t y   o f  a l a r g e  
(1500-meter )   o rb i t ing   parabblo ida l   an tenna   for   use   in  low- 
frequency (< 10 MHz) radio  astronomy.  Such a r a d i o   t e l e s c o p e  
would be e x t r e m e l y   u s e f u l   i n  a v a r i e t y   o f   s c i e n t i f i c   a s t r o n o m -  
i ca l  s t u d i e s .  

A conceptua l   conf igura t ion   has   been   evolved   which   cons is t s  
of a tenuous  conductive  paraboloidal  network  which i s  deployed 
and   s t i f f ened   by   cen t r i fuga l   fo rces   due  t o  sp in   abou t   t he   ax i s  
of symmetry. 

Mer id iona l   t ens ion   fo rces  a re  produced i n  t h e  n e t  by means 
of  an  extremely  long  deployable  mast  which  runs  along  the  axis 
of  symmetry  and  forms  the  backbone  of  the s t r u c t u r e .  The e n t i r e  
c o n f i g u r a t i o n  i s  deployed  from a package su i tab le  for   launch on 
such   vehic les  as t h e   T i t a n  111. 

Resu l t s   o f   t he   va r ious   t heo re t i ca l   and   expe r imen ta l   ana ly -  
ses which  have  led t o   t h i s   b a s e l i n e   c o n c e p t   a r e  summarized. A 
current   subscale   ground-test   program i s  descr ibed,   and  indica-  
t i o n s   a r e   g i v e n   o f   t h e   d e s i r a b i l i t y   f o r   f l i g h t  tes ts  t o   d e v e l o p  
t e c h n o l o g y   a n d   e s t a b l i s h   f e a s i b i l i t y .  
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INTRODUCTION 

In its  report of February 1967, the  President's  Science 
Advisory  Committee  recommqnded  that ' I .  . .the government  adopt as 
a  primary  goal in the  application of space.technology for  scien- 
tific  purposes  a  program  leading  to  the  establishment in  earth 
orbit of a  number of astronomical  observatories  capable of: 

(1) exploring  the  full  range of the  spectrum  not  accessible 
from  the ground.. . , 

(2) scientific  control  directly  by  astronomers on earth, 
and, 

( 3 )  extended  useful  life  through  intermittent  maintenance 
and  modernization  by  servicing  in  orbit  using  trained 
engineering  personnel." 

As noted in this  report (p. 59) one  type  of  astronomical 
facility  that  is  "clearly  needed"  is  a  long-wavelength  radio  tele- 
scope. In its  thinking,  the  PSAC was apparently  in  concurrence 
with  the  findings of the  Space  Science  Board of the  National  Aca- 
demy of Sciences  which met at Woods  Hole,  Massachusetts  in 1965. 
and  recommended  that: 

(1) "The National  Academy of Sciences  appoint  a  panel  now 
to study  possible  conceptions" of a  space  radio  tele- 
scope  with  an  aperture of the  order of 20 km, and 

( 2 )  "since  the  study  recommended  is  for  an  ultimate  space 
radio  telescope,  work  should  be  started  now  that  will 
lead  to  the  use  in  space,  within  about  ten  years, of 
a  high-resolution  broad-band  antenna  system  for  radio- 
astronomical  observations  over  the  frequency  range 
10 MHz to a few hundred  KHz." 

\ 

In consonance  with  this  second  recommendation,  work  has  been 
proceeding  since 1965 on the  conceptual  study and  technology  de- 
velopment  for  a  large-aperture  paraboloidal-reflector  low- 
frequency  telescope  (called LOFT). This work  has  delved'.into  a 
number of areas  in  detail and  led  to the  baseline  concept shown 
in Figure 1. This  report  summarizes  that  work and  describes  the 
baseline  concept. 
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THE LOFT RADIO ASTRONOMY FACILITY 

Mode of   Operat ion 

The e s s e n t i a l   f e a t u r e s   o f   t h e   p r o j e c t e d   o p e r a t i o n a l  LOFT 
f a c i l i t y   a r e  shown i n   F i g u r e  2. I t s  c e n t r a l  component i s  a l a r g e -  
a p e r t u r e   p a r a b o l i c   r e f l e c t o r   s u r f a c e   w h i c h  is deployed  and  con- 
t o u r - s t a b i l i z e d   b y  a slow  spinning  motion  around i ts  a x i s   o f  
symmetry  and  which i s  o r b i t i n g  a t  6000-km a l t i t u d e .   L o c a t e d   n e a r  
t h e   f o c a l   p o i n t   o f   t h e   r e f l e c t o r  i s  a broad-band  "feed"  system 
wi th   ma tch ing   r ece ive r   fo r   p r imary   da t a   acqu i s i t i on .   Da ta  is 
e i t h e r   s t o r e d   o r   d i r e c t l y   t r a n s m i t t e d   i n  real  t i m e  t o   l i n e - o f -  
s igh t   g round   s t a t ions   by  a modulated  high-frequency carr ier  f o r  
f u r t h e r  data p rocess ing  and i n t e r p r e t a t i o n .  

An a l t e r n a t e  mode of ope ra t ion  i s  shown i n   F i g u r e  3. Here 
tine o r b i t i n g   r e f l e c t o r  i s  employed a s   o n e   r e c e i v e r  of a n   i n t e r -  
ferometer,   working a t  frequencies   above 10  m c .  The o t h e r   r e c e i v e r  
i s  provided  by  any  one  of  several   existing  ground-based  radio 
te lescopes .   Informat ion  is coded   w i th   accu ra t e   t iming   s igna l s  
and subject t o   p o s t - a c q u i s i t i o n   a n a l y s i s ,   o r  i t  i s  t r a n s m i t t e d   i n  
r e a l  t i m e  fo r   conven t iona l   i n t e r f e romet ry .  The r e l a t i v e   m o t i o n  
o f   t h e   o r b i t a l   r e c e i v e r   w i t h   r e s p e c t   t o   t h e   g r o u n d   s t a t i o n   p r o -  
v i d e s   a d d i t i o n a l   i n f o r m a t i o n   t h a t   a l l o w s   s u p p r e s s i o n   o f   u n d e s i r e d  
s ide lobe   s igna l s   f rom  s t eady- s t a t e   sou rces .  

A l t e r n a t i v e l y ,  a s econd   o rb i t i ng   r ece ive r   can  be u s e d ,  as 
shown i n   F i g u r e  4,  t o   pe r fo rm  s imi l a r   i n t e r f e romet r i c   obse rva -  
t i ons   i n   t he   f r equency   band   be low 1 0  m c .  Using two r e c e i v e r s  
o r b i t i n g   i n   o p p o s i t i o n  and a t  6000 km a l t i t u d e   e a c h ,   t h i s  mode of 
ope ra t ion   can   p rov ide   i n t e r f e romete r   base l ines  as l a r g e  as 
24  000 km. 

I f   f i x e d   i n t e r f e r o m e t e r   b a s e l i n e s  are des i r ed ,   one   o r  more 
a u x i l i a r y   r e c e i v e r s   c a n  be a t t a c h e d   t o   t h e   b a s i c  LOFT r a d i o  te le -  
scope by t i e  l i n e s .  A concep t   w i th   fou r   coun te r ro t a t ing   i n t e r -  
f e r o m e t e r   s t a t i o n s  is shown i n   F i g u r e  5. 

P r o p e r t i e s   o f   t h e   t e r r e s t r i a l   i o n o s p h e r e   c a n  be i n v e s t i g a t e d  
by turn ing   the   rad io   t e lescope   toward   the   ear th   o r   toward   the  
e a r t h ' s   h o r i z o n .  

F i n a l l y ,   l u n a r   o c c u l t a t i o n   e x p e r i m e n t s   c a n  be conducted   for  
t h e   p r e c i s e   s p a t i a l   d e f i n i t i o n   o f   v e r y   s m a l l   s o u r c e s   l o c a t e d  
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w i t h i n  a band  of  approximately 22.5' f r o m   t h e   l u n a r   o r b i t a l  
p lane ,   assuming  the   rad io   t e lescope  is i n   a n   o r b i t   o f  6000 km 
a l t i t u d e ,   i n c l i n e d  45O w i t h   r e s p e c t   t o   t h e   e a r t h ' s   a x i s   ( F i g .  6 ) .  

Scan  and  Track  Capabili ty 

The o r b i t i n g   s t r u c t u r e  is equipped  with command receivers, 
a t t i t u d e   s e n s o r s ,   d a t a - l i n k   t r a n s p o n d e r s ,  power supply,  and  with 
an  act ive po in t ing   con t ro l   employ ing   e l ec t r i ca l   l oop   cu r ren t s  
wh ich   p rov ide   o r i en ta t ion  and s p i n   t o r q u e s  by i n t e r a c t i o n   w i t h  
the   geomagnet ic   f ie ld ,  as  descr ibed  i n  Reference 1, pp. 203-208 ,  
The  wobble  of  the  geomagnetic  f ield ( i .e. ,  the   devia t ion   be tween 
magnet ic   and  geographic   poles)   a l lows  this   system  to   cover   the 
c o m p l e t e   c e l e s t i a l   s p h e r e ,   i n c l u d i n g   t h e   p o l a r   r e g i o n s .  A t  t h e  
selected o r b i t a l   a l t i t u d e  of 6000 km, scanning rates of  approxi- 
mately  180°/day are poss ib le .   This   a l lows  a complete   radio map- 
p i n g   o f   t h e   c e l e s t i a l   s p h e r e   a t  3 O  i n t e rva l s   w i th in   approx ima te ly  
60 days.   Opt ional ly ,   object-f  ixed t racking   can  be provided   for  
occul ta t ion   exper iments ,   fo r   measurement   o f   ionospher ic   d i f f rac-  
t i o n  and a t t e n u a t i o n ,  and fo r   con t inuous   obse rva t ion   o f  d i scre te  
radio  sources   over   extended  per iods  of  time. 

A b a c k u p   t o   t h i s   a c t i v e   o r i e n t a t i o n - c o n t r o l   s y s t e m  is  pro- 
vided by t h e   i n t r i n s i c   o r b i t a l   p r o p e r t i e s   o f   t h e   s p i n n i n g   r e f l e c -  
t o r ,   a s   s u g g e s t e d  by Fle ig   (Ref .  2 ) .  Because  of   the  difference 
between r o l l  and p i t c h   i n e r t i a   o f   t h e   r e f l e c t o r   s t r u c t u r e ,   g r a v i t y  
g r a d i e n t   t o r q u e s  w i l l  cause a s low  precess iona l   scan   of   the   po in t -  
i n g   a x i s .   I f ,   i n   a d d i t i o n ,   t h e   r a d i o   t e l e s c o p e  i s  p laced   in to   an  
i n c l i n e d   o r b i t ,   t h e   t e s s e r a l   h a r m o n i c s   o f   t h e   e a r t h ' s   g r a v i t a -  
t i o n a l   f i e l d  w i l l  c a u s e   p r e c e s s i o n   o f   t h e   o r b i t a l   p l a n e .  The two 
e f f e c t s  combined can be shown to   p roduce  a cont inuous  scanning 
motion  of a ce l e s t i a l  hemisphere.   Calculat ions show t h a t   f o r  a 
6000 Icm o r b i t a l   a l t i t u d e ,  and a 45' o r b i t a l   p l a n e   i n c l i n a t i o n ,  
complete  coverage  can be obtained  in   approximately 500 days. 
F a s t e r   s c a n s   a r e   p o s s i b l e   i f   l o w e r   a n d / o r   e c c e n t r i c   o r b i t s  are 
used.  Hence, i f   t he   ac t ive ,   geomagne t i c   con t ro l   shou ld   cease   t o  
opera te ,   pass ive   scanning  w i l l  cont inue  and u t i l i t y   o f   t h e   r a d i o  
te lescope   for   survey   miss ions  w i l l  be r e t a i n e d .  

O r b i t a l   A l t i t u d e  

An o r b i t a l   a l t i t u d e   o f  6000 km has   been   s e l ec t ed   fo r   t he   base -  
l i n e   a s  a compromise  between  several   considerations.  

3 



I n   o r d e r   t o   o p e r a t e   p r o p e r l y ,   t h e   r a d i o   t e l e s c o p e   m u s t  be 
s u f f i c i e n t l y  removed  from the   ionosphere ,  i.e., t he   l oca r   p l a sma  
cutof f   f requency  must  be subs t an t i a l ly   be low  the   f r equency   band  
of  interest. F i g u r e  7 ,  taken  from  Reference 3 ,  shows t h a t   t h e  
loca l   p l a sma   cu to f f  is  below 0.5 m c  a t  a l t i t u d e s   a b o v e   o n e   e a r t h  
r ad ius   o r   above   approx ima te ly  6000 km. A r e l a t i v e l y   h i g h   o r b i t  
is a l s o   d e s i r a b l e  t o  p r o v i d e   l a r g e  base l e n g t h s   f o r   o p e r a t i o n   o f  
t h e   r a d i o   t e l e s c o p e   i n   t h e   i n t e r f e r o m e t r y  mode, and t o  widen  the 
band   of   lunar -occul ta t ion   oppor tuni t ies .   Converse ly ,  it i s  nec- 
e s s a r y   t h a t  a s u f f i c i e n t   g e o m a g n e t i c   f i e l d   e x i s t   f o r   t h e   a c t i v e  
p o i n t i n g  and  scanning  control ,  and t h a t   b o t h   t h e   g r a v i t y   g r a d i e n t  
and t h e  tesseral h a r m o n i c s   o f   t h e   g r a v i t a t i o n a l   f i e l d  be s u f f i -  
c i en t   t o   p rov ide   accep tab le   pas s ive   s cann ing   r a t e s .  A l l  o f   t hese  
e f f e c t s   d i m i n i s h   r a p i d l y   w i t h   i n c r e a s i n g   o r b i t a l   a l t i t u d e   b u t   a r e  
w e l l  w i th in   accep tab le  l i m i t s  a t  6000 km. F i n a l l y ,   t h e   b o o s t e r  
s i z e   r e q u i r e d   t o   i n j e c t   t h e   r a d i o   t e l e s c o p e   i n c r e a s e s   w i t h   o r b i -  
t a l  a l t i t u d e .   F o r   t h e   p r e s e n t   p a y l o a d  desi’gn weight ,  a T i t a n  I11 
l aunch   vehic le  is adequa te   t o   p rov ide  a 6000 km c i r c u l a r   o r b i t .  

Conf igura t ion  and S i z e  

The ape r tu re   (o r   d i sh   d i ame te r )   o f   t he   r ad io   t e l e scope  is 
determined by a d e s i r e d  half-power beam width  of  3 O  a t  an   opera t -  
ing  f requency  of  4 m c  f o r   w h i c h   t h e   R a y l e i g h   r e l a t i o n   y i e l d s  a 
diameter  of 1500 meters. This  i s  cons idered   adequate   for  a 
gene ra l  mapping  of  the  radio sky and f o r   d e t a i l e d   o b s e r v a t i o n   o f  
s t r o n g   s o u r c e s .   F o r   d i s c r i m i n a t i o n   o f   f i n e   s t r u c t u r e s  and f o r  
ex t r eme ly   p rec i se   measu remen t   o f   f a in t   sou rces ,   i n t e r f e romet r i c  
o p e r a t i o n a l  modes w i l l  be used. 

A f u l l   d i s h   p a r a b o l i c   r e f l e c t o r ,   w i t h  a foca l - length- to-  
a p e r t u r e   r a t i o   o f  0.5, h a s   b e e n   s e l e c t e d   i n   p r e f e r e n c e   t o   o t h e r  
c o n f i g u r a t i o n s   o f   t h e  basic r a d i o   t e l e s c o p e .   T h i s   d e v i c e   h a s   t h e  
advantage  of  broad  frequency  bandwidth, good s i d e l o b e  and  back- 
lobe   suppres s ion ,   r e t en t ion   o f   phase  and p o l a r i z a t i o n   d a t a ,  and 
u tmos t   e l ec t ron ic   s imp l i c i ty .   These   f ac to r s  are considered  essen-  
t i a l  i n   p r o v i d i n g  a f a c i l i t y   o f   l o n g   u n a t t e n d e d   l i f e   s p a n  i n  o r b i t ,  
capable  of many types   o f   s c i en t i f i c   obse rva t ions   wh ich  w i l l  be 
d e f i n e d   a s   t h e   f a c i l i t y  becomes operable .  

With this  choice,   the  burden  of  technology  development be- 
comes p r imar i ly   one   o f   s t ruc tu ra l   des ign .  Prac t ica l  and credible  
methods  must be dev i sed   t o   f ab r i ca t e ,   package ,   dep loy   i n   space ,  
and ma in ta in   adequa te   d imens iona l   t o l e rances   i n  a s t r u c t u r e   o f  
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t r u l y  unprecedented  s ize  and performance. 

The remainder   o f   th i s  summary s t a t u s   r e p o r t  w i l l ,  t h e r e f o r e ,  
be   addressed   to   the   p roblems  of  and s o l u t i o n s   f o r   v e r y   l a r g e ,  
l i g h t - w e i g h t ,   e f f i c i e n t  SF r e f l e c t o r s  and to   the   t echnology  as -  
soc i a t ed  w i t h  the  development   and  operat ion  of   very  large  space 
s t r u c t u r e s   f o r   o r b i t i n g   r a d i o   t e l e s c o p e s .  



THE RADIO-FREQUENCY  REFLECTOR 

Weight  Considerations 

The   magn i tude   o f   t he   t a sk   i n   cons t ruc t ing  a r e f l e c t i n g  s u r -  
f ace   o f   t he   r equ i r ed   a r ea   can  be v i s u a l i z e d   a s   f o l l o w s :  A para-  
b o l i c   s u r f a c e   h a v i n g  a diameter of  1500 meters and a f/D r a t i o  
of 0.5 covers   an   a rea   o f  1 873 000 square  meters. Such a s u r f a c e  
made f rom  very  thin,  0.001 i n .   t h i c k ,  aluminum f o i l  would  weigh 
138 000 kg ,   no t   inc luding  t h e  r e q u i r e d   s u p p o r t   s t r u c t u r e .  

From t h i s  it becomes obv ious   t ha t  a much more weight-effec-  
t i v e  means t h a n   t h a t   o f  a s o l i d   m e t a l l i c   s h e e t  m u s t  be employed 
t o   r e m a i n   w i t h i n   t h e   p a y l o a d   w e i g h t   l i m i t a t i o n s   o f   p r e s e n t   o r  
fo re seeab le   space   boos t e r s .  

F o r t u n a t e l y ,  it is p o s s i b l e   t o   o b t a i n   n e a r l y   p e r f e c t   r e f l e c -  
t i on   o f   e l ec t romagne t i c   r ad ia t ion   f rom a gridwork  of  conductors,  
p rovided   tha t   the   spac ing   be tween  conductors  i s  a reasonably   smal l  
f r a c t i o n  of the  wavelength and t h a t   t h e   e l e c t r i c a l   s u r f a c e  con- 
d u c t i v i t y  i s  s u f f i c i e n t l y  good t o   p r e v e n t   e x c e s s i v e  ohmic l o s s e s  
i n   t h e   i n d u c e d   r e f l e c t o r   c u r r e n t s .  A de ta i led  a n a l y s i s   o f   t h e  
e lec t romagnet ic  phenomena a t t e n d i n g   r e f l e c t i o n   o n   g r i d w o r k s   o f  
widely  spaced  conductors  has  been  performed by  Robbins  (Ref. 4 ) .  
R e s u l t s  of t h i s   a n a l y s i s   h a v e   b e e n   s u b s t a n t i a l l y   c o n f i r m e d   b y  
exper iments   per formed  on   parabol ic - re f lec tor   sca le   models  made 
from e l e c t r i c a l l y   s c a l e d   c o n d u c t o r   g r i d s  ( R e f .  5 ) .  The p red ic -  
t i o n s   o f   t h e   a n a l y s i s   f o r   t h e  R F  c h a r a c t e r i s t i c s  of large  network 
r e f l e c t o r s   a r e  summarized b r i e f l y   i n   t h e   f o l l o w i n g   p a r a g r a p h s .  

Res i s t ive   Losses  

The f i n i t e   c o n d u c t i v i t y  causes a por t ion   of   the   e lec t romag-  
n e t i c  wave ene rgy   t o  be dissipated due t o  ohmic r e s i s t a n c e  and 
e v e n t u a l l y   t o  be the rma l ly   r e - r ad ia t ed   i n   t he   i n f r a red   f r equency  
range. A s  a consequence ,   the   re f lec ted  RF wave w i l l  be a t t e n u a t e d  
i n  amplitude.  A s  i s  shown l a t e r ,  if a ma te r i a l   such  as aluminum 
i s  used i n   t h e   c o n d u c t i n g   e l e m e n t s   o f   t h e   s u r f a c e ,   t h e  ohmic loss 
can be kep t  at a very  low level  w i t n  a c c e p t a b l e   t o t a l   w e i g h t s .  
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Induc t ive   Losses  

I n t r i n s i c   t o  a network  of   conductors  is i ts  e lec t r ica l  in -  
duc tance   which   depends   on   the   de ta i led   geometr ica l   p roper t ies   o f  
t he   conduc to r s   and   o f   t he   ne twork  texture .  Even f o r   i n f i n i t e l y  
c o n d u c t i v e   g r i d s ,  a po r t ion   o f   t he   imp ing ing   ene rgy   l eaks   t h rough ;  
t h e   r e f l e c t e d   e n e r g y  i s  cor respondingly   reduced .   Analys is  shows 
t h a t  losses from t h i s   s o u r c e   c a n  be k e p t  low w i t h   r e a s o n a b l e  con- 
ductor   geometry  and  gr idwork  texture ,   provided  that   the   spacing 
o f   i nd iv idua l   conduc to r s  is 1/60 o r  less of   the   wavelength   o f  
i n t e r e s t .  Even i n   t h e   w o r s t   c a s e ,  a t  the   upper   end   of   the   f re -  
quency scale ,  i . e . ,  a t  1 0  m c  o r  30 meters wavelength,   conductor 
c ros s - sec t ion   d imens ions   o f   t he   o rde r   o f   on ly  2 .5  mm are  r equ i r ed ,  
wi th   the   conductors   spaced  as much as 0.5 meter on   cen te r s .  

One impor t an t   e f f ec t   o f   t he   i nduc tance  i n  a g r i d   r e f l e c t o r  
is a p h a s e   s h i f t   i n   t h e   r e f l e c t e d  wave. F o r t u n a t e l y ,   f o r   r e a s o n -  
a b l y   c o n d u c t i v e   r e f l e c t o r s ,   t h i s   p h a s e   s h i f t  is sma l l   and ,   i n  
f i r s t -order   approximat ion; ,   inverse ly   p ropor t iona l   to   wavelength .  
The r e s u l t  is  a n   a p p a r e n t   a x i a l   d i s p l a c e m e n t   o f   t h e   r e f l e c t o r  s u r -  
face  and a cor responding   f ixed   d i sp lacement   o f  i t s  f o c a l   p o i n t .  

Leakage 

Transmission  of  RF e n e r g y   t h r o u g h   t h e   r e f l e c t o r   g r i d  i s  of  
conce rn   because   t he   ea r th ' s   i onosphe re ,   and   a t   h ighe r   f r equenc ie s ,  
t e r res t r ia l  thunderstorms  and man-made R F  s i g n a l s  w i l l  c o n s t i t u t e  
a s t rong   sou rce   o f   no i se .   Wi th   t he   r ad io   t e l e scope   po in t ed  away 
f rom  the   ea r th ,   t he   r e f l ec to r   mus t   sh i e ld   t he   r ece ive r   f rom be- 
coming confused  by  such  noise  - i n   o the r   words ,   t he   back lobe  re- 
sponse   o f   t he   r ad io   t e l e scope   mus t  be suppres sed   t o   t he   l owes t  
p r a c t i c a l   l e v e l .  

The same requirement  must be s a t i s f i e d   i f   f a i n t   s o u r c e s   a r e  
t o  be obse rved ,   s ince   t he   ga l ac t i c   background   no i se  is b y   i t s e l f  
q u i t e   s t r o n g ,   a n d   b a c k s i d e   r a d i a t i o n   t r a n s m i t t e d   t h r o u g h   t h e  re- 
f l e c t o r  w i l l  be a m p l i f i e d   b y   t h e   i n t r i n s i c   g a i n   o f   t h e   f e e d .  Some 
d i r e c t i v e   b a c k l o b e   r e s p o n s e  is a s s o c i a t e d   w i t h   r e f r a c t i o n   a r o u n d  
t h e  r i m  o f   t h e   r e f l e c t o r  and is the re fo re   unavo idab le .  It  is de- 
s i r e d   t h a t   t h e   a d d i t i o n a l   n o i s e   f r o m   l e a k a g e   t h r o u g h   t h e   r e f l e c -  
t o r   o f   backs ide   ene rgy   no t   exceed   t h i s   unavo idab le   sou rce   o f   da t a  
confus ion .   Analys is  shows t h a t   t h i s   r e q u i r e m e n t  is s a t i s f i e d   i f  
t h e   t r a n s m i s s i o n   t h r o u g h   t h e   n e t  is k e p t  b e l o w  2 pe rcen t   o f  
the  impinging  energy.  
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Figure  8 shows t h e   r e s u l t   o f  a t y p i c a l   a n a l y s i s .  O h m i c  and 
i n d u c t i v e  power loss ( o r   t r a n s m i s s i v i t y )  is p l o t t e d   a g a i n s t   t h e  
weight   of  a 1500-meter -d iameter   parabol ic   d i sh   re f lec tor   g r id  
made from t h i n  aluminum r ibbon  conductors .  The graph shows t h a t  
s a t i s f ac to ry   pe r fo rmance   can  be ob ta ined   w i th   ne twork   r e f l ec to r s  
which  weigh  only a small f r a c t i o n   o f  a s o l i d - s h e e t   r e f l e c t o r  and 
t h a t   t h i s  component  weight i s  w e l l  w i t h i n   t h e   p a y l o a d   c a p a b i l i t y  
o f   e x i s t i n g   s p a c e   b o o s t e r s .  A weight   of  300 kg w i l l  y i e l d  ohmic 
l o s s e s   o f  less than  1 p e r c e n t  and t r ansmiss iv i ty   o f   abou t  2 per -  
c e n t  a t  4 MHz. 

Choice  of  Conductor  Network 

Commercially  pure aluminum is  a p r e f e r r e d   c h o i c e   f o r   t h e  con- 
duc to r   ma te r i a l   because  it e x h i b i t s  by f a r   t h e   h i g h e s t   f i g u r e   o f  
merit i n  terms o f   c o n d u c t i v i t y - t o - w e i g h t   r a t i o .   I n i t i a l l y ,   a t t e n -  
t i o n  w a s  directed  toward  networks made f rom  th in  aluminum r ibbons.  
Experimental work  showed,  however, t h a t   c o n s i d e r a b l e   d i f f i c u l t i e s  
would be encountered  in   producing  and  handl ing  the  extremely  thin 
material, p a r t i c u l a r l y   i n   r e l i a b l y   p r o d u c i n g  many m i l l i o n s   o f  
j o i n t s   w h i l e   r e t a i n i n g   r e a s o n a b l e   s t r u c t u r a l   i n t e g r i t y .   S e v e r a l  
a l t e r n a t i v e s  w e r e  cons idered   involv ing   cab le   cons t ruc t ion   f rom 
u l t r a - f i n e  w i r e s  and  metal-polymer  film  composites  such  as  those 
used  i n   t h e  ECHO I and ECHO I1 S p a c e   F l i g h t   P r o j e c t s .  

I t  was fu r the r   r ecogn ized   t ha t   t he   conduc to r   ma te r i a l   we igh t  
could be s u b s t a n t i a l l y  r e d u c e d  w i t h o u t   s i g n i f i c a n t  loss i n  over- 
a l l  performance  by  using aluminum i n   t h e  form  of  r ibbon  conductors 
of sub-micron   th ickness .   This   c lear ly   ind ica ted   the   use   o f  vacuum 
d e p o s i t e d   f i l m s   o n   t h i n   p l a s t i c  f i l m  s u b s t r a t e s .  

Aluminum depos i t s   o f   micron  and sub-micron  range  thicknesses 
w e r e  produced  experimental ly   on  thin (0 .5  m i l )  polyimide (KAPTON*) 
f i l m s  and  found to   have   s a t i s f ac to ry   p rope r t i e s .   Ne tworks   can   be  
produced  from  such  f i lms by a p a t t e r n   o f   o f f s e t  s l i ts  and  subse- 
quent   t ransverse  expansion  by  automatic   processes   wel l -developed 
i n   t h e  expanded s h e e t  metal mesh and p l a s t i c  mesh indus t ry .   Th i s  
avo ids   t he  cumbersome p rocess  of making jo in t s ;   t he   ne twork  i s  an 
i n t e g r a l   s t r u c t u r e ,  bonded  only a t  i t s  e d g e s   t o  a suppor t ing  
s t ruc ture .   Because  it is o r ig ina l ly   manufac tu red  from a f l a t  
sheet ,  it a l s o   h a s   e x c e l l e n t   " l a y  down" r e q u i r e d   f o r   t h e   f o l d i n g  
and  packaging  process.   Figure 9 shows a model  of a conductor   g r id  
s e c t i o n   i n   f o l d e d  and  expanded  condition. 

*DuPont  Trademark 
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An a n a l y s i s  was made of   the   re f lec tor   weight ,   assuming a n e t  
made from  various  thicknesses  and  widths  of  polymer f i l m  r ibbons  
coa ted   wi th  aluminum.  The r ibbon  spacing  and aluminum c o a t i n g  
th i ckness  was v a r i e d . t o   y i e l d  a r e f l e c t o r   t r a n s m i s s i v i t y   o f  2 per-  
c e n t   a t  10  MHz. The r e s u l t s   a r e  shown i n   F i g u r e  10. I f   t h i s  
aluminum t h i c k n e s s  is vacuum-.deposited  on  both s i d e s   ( f o r   c o n s e r -  
va t i sm)of  a 6p (approximately 1/4 m i l )  t h i c k   f i l m   s t r i p   o f  2.54 mm 
(0.1 inch)   wid th ,   the   mass-per -uni t   a rea   var ies   as  shown i n   t h e  
f i g u r e .  The c o n s t r u c t i o n   y i e l d i n g  minimum weight  has  an aluminum 
s i n g l e   t h i c k n e s s   o f  0 . 3 3 6 ~  and a r ibbon  spacing  of  0.42 m. The 
a s s o c i a t e d   t o t a l  mass of  polymer f i l m  and metal c o a t i n g  i s  0.122 
gram/m2 or 227 k g   f o r   t h e   c o m p l e t e   r e f l e c t o r   s u r f a c e .   F u r t h e r  
d e c r e a s e s   i n   r e f l e c t o r  mass  could be obtained  by  using a t h i n n e r  
polymer f i l m   s u b s t r a t e   o r  by  using still narrower  and more c l o s e l y  
spaced  r ibbons.  The foregoing  design,   however ,   exhibi ts  a power- 
r e f l e c t i v i t y  loss of 8 pe rcen t   due   t o  ohmic lo s ses .   (Th i s  is i n  
c o n t r a s t   t o  a loss of 1.4 p e r c e n t   i f   t h e  227 kg  of mass w e r e  en- 
t i r e l y  aluminum.)  While t h i s  loss is acceptab le ,   fur ther   reduc-  
t i o n s   i n   t h e  mass of aluminum  would i n c r e a s e  it and may, t h e r e f o r e ,  
be undes i rab le .  The des ign   po in t  shown o n   t h e   f i g u r e  w a s  selected 
fo r   subsequen t   concep t   de f in i t i on .  

Antenna  Gain  Patterns 

An i d e a l   p a r a b o l i c   r e f l e c t o r  w i l l  form  an  interference  pat-  
t e r n  of r e f l e c t e d  waves i n   t h e   s p a c e   s u r r o u n d i n g   t h e   f o c a l   p o i n t .  
The c h a r a c t e r i s t i c s   o f   t h i s   i n t e r f e r e n c e   p a t t e r n   c a n  be ca lcu-  
l a t e d  by e v a l u a t i n g   t h e   a p p r o p r i a t e   F r e s n e l   i n t e g r a l   f o r m u l a .  The 
ga in   pa t t e rn   o f   t he   an t enna   t e l e scope  i s  ob ta ined   by   mu l t ip l i ca t ion  
o f   t he   i n t eg rand   w i th   t he   i l l umina t ion   pa t t e rn  of  the  feed  system. 

A r e a l   r e f l e c t o r  w i l l  d i f f e r   i n  i t s  g a i n   p a t t e r n   f r o m   t h i s  
i dea l   pe r fo rmance ,   p r imar i ly   due   t o   t h ree   r easons :  

(1) The feed  system  needs  to  be a t  l eas t  one-half wave- 
l e n g t h   i n   s i z e .   T h i s   b l o c k s  a por t ion   o f   the   incoming 
e n e r g y   i n   t h e   c e n t e r   o f   t h e   a p e r t u r e ,   r e s u l t i n g   i n  some 
narrowing  of  the  main beam, b u t  a l s o   s i g n i f i c a n t l y   i n -  
c r eas ing   s ide lobe   r e sponse .  

( 2 )  Because  of i t s  f i n i t e   s i z e ,  a broad-band  feed  system 
can   no t  be p l a c e d   e x a c t l y   i n t o   t h e   f o c u s   f o r   a l l  f re -  
quencies .   Hence ,   for   o f f -des ign   f requencies ,   the  
response is defocussed  and  subject   to   chromatic   aber-  
r a t i o n  ( i .e. ,  t h e   g a i n   p a t t e r n  becomes frequency 



dependent i n  i t s  d e t a i l e d   s t r u c t u r e ) .  

( 3 )  I f   t h e   r e f l e c t o r   d e v i a t e s  from  a p e r f e c t   p a r a b o l i c  
s u r f a c e ,   f o c u s   e r r o r s  and phase  errors   occur   between 
d i f f e r e n t   p o r t i o n s   o f   t h e   r e f l e c t e d  wave.  Such e r r o r s  
again  cause  defocussing,   "squint" ,   as t igmatism,   and 
chromat ic   aber ra t ion   of   the   rad io   t e lescope .  

Geometr ical   imperfect ions  can  ar ise   f rom  manufactur ing  toler-  
ances.   These  can  be  corrected  or  kept w i t h i n  t o l e r a b l e   l e v e l s  by 
appropr i a t e   des ign  and q u a l i t y   c o n t r o l .  Maximum dev ia t ions   o f  2 
m e t e r s   a r e   t o l e r a b l e  and  can  be  achieved by 1:lOOO type  of  dimen- 
s i o n a l   c o n t r o l .   C l e a r l y ,   c a r e  m u s t  be t aken   t o  "know" t o  a h igh  
degree  of   accuracy  what   the  lengths   of   the   important  members i n  
t h e   r e f l e c t o r  w i l l  be   a f t e r   t hey   a r e   f ab r i ca t ed ,   packaged ,   de -  
ployed, and subjec ted  t o  long-t ime  space  exposure.  

Deformation  a lso  occurs   due  to   dynamic  response  of   the  s t ruc-  
t u r e  t o   app l i ed   fo rces .  Major  sources  of  such  forces  are:  

- Dif fe ren t i a l   t he rma l   expans ion  

- Grav i ty   g rad ien t s  

- Photon  pressure 

- S t e a d y   s t a t e  and t r a n s i e n t   c o n t r o l   t o r q u e s .  

Analys is  shows t h a t   t h e  dynamic  response  to   space-f ixed  exci ta t ion 
forces  takes  the  form  of  backward  traveling  waves i n  t h e   r o t a t i n g  
system. A d e t a i l e d  s t u d y  of t h e  r e s u l t i n g  network  deformation  for 
a typ ica l   conf igura t ion   has   been   per formed  (Ref .  1 and 5 ) .  Re- 
s u l t s  show tha t   ampl i tudes  of exc i ted   deformat ion  modes s t a y   w e l l  
below  a  2-meter  value  for most ca ses ,  and t h e r e f o r e   a r e   n o t   l i k e l y  
t o   g e n e r a t e   a p p r e c i a b l e   g a i n   p a t t e r n   d i s t o r t i o n s .  

A sys temat ic   devia t ion   f rom  parabol ic   shape   occurs  i n  t h e  
p re sen t   des ign   because ,   fo r   s t ruc tu ra l   r ea sons ,  t h e  i n n e r   p o r t i o n  
o f   t he   r e f l ec to r   canno t   be  a per fec t   parabolo id ;   approximat ions  
cons is t ing   o f  a s e r i e s  of  cones ( o r  near  cones) mus t  be  employed. 
One such   conf igura t ion  is d iscussed  i n  d e t a i l  i n  t he   nex t   s ec t ion .  
I ts  s u r f a c e   d e v i a t e s  from t h e   t r u e   p a r a b o l o i d  by l e s s   t h a n  2 
meters   over   mos t   o f   the   re f lec tor  and has  a maximum e r ro r   o f  11 
meters   over   a   small   por t ion  near  t he  c e n t e r .  
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The inf luence   o f   such   devia t ions  on t h e   g a i n   p a t t e r n  i s  an 
obv ious   des ign   c r i t e r ion .  Estimates can be made b y   e v a l u a t i n g  
t h e  complex F r e s n e l   i n t e g r a l ,   a c c o u n t i n g   f o r   t h e   p h a s e   s h i f t s  
due to   geomet r i ca l   dev ia t ions   o f   r e f l ec to r   and   f eed   sys t ems .  

Gain pa t t e rns   have   been   ca l cu la t ed   fo r   t he   r e f l ec to r   shape  
desc r ibed   i n   t he   nex t   s ec t ion ,   a s suming  a p a r a b o l i c a l l y   t a p e r e d  
ape r tu re   i l l umina t ion ,   dec l in ing   f rom a maximum a t   t h e   c e n t e r   t o  
ze ro  a t  t h e  r i m .  Aper ture   b locking   due   to   the   feed  w a s  assumed 
t o  be c i r c u l a r ,   w i t h  a b locking   d iameter   equa l   to  60 pe rcen t   o f  
the  wavelength.  I t  was f u r t h e r  assumed tha t   t he   f eed   sys t em 
would be loca ted   such   t ha t   t he  10 MHz p o r t i o n  would be e x a c t l y  
i n   t h e   f o c a l   p l a n e ,   a n d   t h a t   t h e  4 MHz and 1 MHz port ions  would 
be behind   the   foca l   p lane   by  35 percent   o f   the   cor responding  wave- 
length.   These  assumptions  are   consis tent   with  the  t rapezoidal-  
too th ,   log-per iodic   feed   concept   d i scussed   in   Reference  1. Data 
shown i n  F igure  11 are p l o t t e d  for easy  comparison on a non- 
d imens iona l   az imuth   angle   sca le .  The g a i n   p a t t e r n   o f   a n   i d e a l  
pa rabo l i c   r e f l ec to r   w i thou t   f eed   b lock ing   o r   d i sp l acemen t  i s  
a l s o  shown. 

The r e s u l t s  o f   t h e s e   c a l c u l a t i o n s  show t h a t  a f i r s t   s i d e l o b e  
suppression  below 20 db  over  most  of  the  frequency  band  of i n t e r -  
e s t  i s  p r a c t i c a l l y   f e a s i b l e .   T h i s   c o m p a r e s   t o  24 .7  db fo r   an  
i d e a l   r e f l e c t o r   s u r f a c e   w i t h o u t   b l o c k i n g   e f f e c t .  

Improvements  can be gained  by better t a i l o r i n g  of t he   ape r -  
t u r e  i l l umina t ion .  Such t a i l o r i n g   c a n  be e f f e c t e d ,   f o r   i n s t a n c e ,  
by  reducing  the R F  r e f l e c t i v i t y  of t h e   r e f l e c t o r   n e a r   t h e  r i m  a t  
t he   poss ib l e   expense   o f   i nc reased   back lobe   l eve l s   due   t o   t r ans -  
m i s s i v i t y .  

The e f f e c t   o f  a q u a r t i c  ((1-r 2 2  ) ) a p e r t u r e   i l l u m i n a t i o n  is 
shown i n  F igure  12 .  I t  appea r s   t ha t   fo r   t h i s   t ype   o f   i l l umina -  
t i o n   s i d e l o b e   l e v e l ,   s u p p r e s s i o n   o f  -25 db can be reached   i n   t he  
cen te r   o f   t he   f r equency   band   o f   i n t e re s t   a t   t he   cos t   o f  Some 
mainlobe  broadening. 

Some a d d i t i o n a l  improvement p o t e n t i a l ,   p a r t i c u l a r l y   a t   t h e  
upper  end  of  the  frequency  band,  appears  possible i n  t h i s  case by 
fur ther   op t imiza t ion   of   the   cone-parabolo id   approximat ion .   For  
in s t ance ,   add i t iona l   back   s t ays   can  be employed f u r t h e r   t o  i m -  
p r o v e   t h e   s h a p e ,   p a r t i c u l a r l y   i f  better RF performance i n  t h e  
higher   f requency  range is d e s i r e d .   A l t e r n a t i v e l y ,  a r e l a t i v e l y  
s m a l l ,   s e p a r a t e ,   f l a t   d i s k   r e f l e c t o r   c o u l d  be used t o   r e d u c e   t h e  

c 
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11.0 meter apex dev ia t ion   o f   t he   s ing le   back - s t ay   conf igu ra t ion .  
Such  improvements w i l l  be w e i g h t e d   i n   f u t u r e   s t u d i e s  against  
p e n a l t i e s   a t t e n d i n g   t h e   a d d i t i o n a l   s t r u c t u r a l   c o m p l e x i t i e s   a n d  
may be t r a d e d   o f f   w i t h  similar improvements  possible by  more 
soph i s t i ca t ed   f eed   des ign   and   e l ec t ron ic  means of   contour   correc-  
t i o n .  

The accu racy   o f   t he   t heo re t i ca l   app roach   u sed   i n   ob ta in ing  
t h e   f o r e g o i n g   r e s u l t s   h a s   b e e n   s u b s t a n t i a l l y   v e r i f i e d   b y  RF pa t -  
t e r n  tes ts  wi th   sca le   models .   These   models   cons is ted   o f   so l id  
r e f l e c t o r s   i n   c o n f i g u r a t i o n s  of comple te   parabolas ,   parabolas  
wi th   cen t r a l   open ings ,  and  parabola-cone  combinations  i l luminated 
by s imple   d ipo le s  and  by t r apezo ida l - too th   l og -pe r iod ic   f eed  
systems ( R e f .  5 ) .  
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STRUCTURAL  DESIGN AND TECHNOLOGY  DEVELOPMENT 

The Base l ine   Conf igu ra t ion  

The s t r u c t u r a l   b a s e l i n e   c o n f i g u r a t i o n  is s u b j e c t  t o  change 
as  t h e   d e s i g n  evolves and as  r e s u l t s   f r o m   a n a l y s i s   a n d  t e s t  pro- 
grams  become avai lable .   Another   source  of   change is a con t inu ing  
d i a l o g u e   w i t h   t h e ' p r o s p e c t i v e   u s e r ,   t h a t   f r e q u e n t l y   r e f o ' c u s s e s  
a t t e n t i o n   t o  specific performance  requirements  which become more 
q u a n t i t a t i v e  as  the   des ign   ma tu res .   Th i s  i s  t y p i c a l   f o r  a long- 
range   deve lopment   p rogram;   therefore ,   any   "base l ine"   conf   igura-  
t i o n  is a t  best  a compi la t ion  of se lec ted   concepts   which ,  a t  t h e  
moment, appear  best s u i t e d  t o  a c h i e v i n g   t h e   d e s i r e d   c h a r a c t e r i s -  
t i c s  and are mutual ly   compat ible  i n  t he   s ense   o f   sys t ems   i n t eg ra -  
t i o n .  The b a s e l i n e   c o n f i g u r a t i o n   d i s c u s s e d   h e r e  i s  no excep t ion  
and  must be cons ide red   no t  as a f i x e d ,   f i n a l   d e s i g n ,   b u t  a s  a 
f e a s i b l e  and c r e d i b l e   v e r s i o n   t h e r e o f ,   s u i t a b l e   f o r  a d e t a i l e d  
eng inee r ing   ana lys i s   and  t e s t  evaluat ion  program. 

An o v e r a l l  v i e w  o f   t h e   s t r u c t u r a l - d e s i g n   c o n f i g u r a t i o n  and 
i t s  p r inc ipa l   d imens ions  are shown i n   F i g u r e  13. A summary of  
d e s i g n   c h a r a c t e r i s t i c s   a n d  component  weights i s  g iven  i n  t a b u l a r  
form. 

B a s e l i n e  LOFT Concept 

DIMENSIONS: 

Deployed 
Packaged 

1500 Meters D i a m e t e r ,  1 0 2 0  Mzters  Length 
5.5 Meters D i a m e t e r ,  5.9 Meters Length 

GEOMETRY AND MATERIALS: 

R e f l e c t o r  N e t  
P a r a b o l o i d a l   O u t s i d e  50% Radius;   Tangent Cone f r o m  
50% t o  40% Radius;   Secant  Cone t o  Center .  M a x i m u m  
Deviat ions  f rom True Paraboloid:  -2 Meters a t  40% 
Radius,  2 Meters a t  25% Radius,  -11 Meters a t  Center. 

S t a i n l e s s   S t e e l   S u p p o r t  N e t  and Back S t a y s :   T r i f i l a r  
t apes ,   each   0 .02  i n .  by  0.5 m i l .  240 Mer id iona ls ,   40  
Ci rcumferent ia l s ,   240 .Back   S tays  (see Fig .  1 4 ) .  

conductor   Grid:  0.275  Micron Aluminum, Vacuum Deposited 
on   Bo th   S ides   o f   1 /4 -mi l   Po ly imide   F i lm   S l i t   t o  0.1 i n .  
Width. 40 c m  Deployed  Spacing.  (See  Fig. 9)  
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R i m  Mass 
Stranded Alum'inum Cable,  Multi-Turns 

F r o n t   S t a y s  
120, 0,75  in.   by  0.5 m i l  Polyimide  Tap'es 

C e n t r a l  Mast 
3.04 meters Diameter,  760 Meters Length 
Aluminum Tubing  Braced  with Aluminum Tape  Diagonals 

LAUNCH MASS 
Support  N e t  
Conductor  Grid 
Back S t a y s  
R i m  Mass 
F r o n t   S t a y s  
Main Mast 
Back Mast 
Feed  System 
Front-Stay  Bobbins 
Support  S t r u c t u r e ,  Mast C a n i s t e r s  
Octoroid  System 
Back-S tay  Bobbins 

43  kg 
239 

1 2  
227  

37 
250 

25 
200 

50  
300 
100 

50 

Spin-Up  Subsystem  300 

Power Generation  and  Storage 
Control  System 
Data  Handling and  Communication 

300 
150 

50  

Launch  Shroud  (Portion  Chargeable 320 
to   Payload)  

2640 kg 

The R e f l e c t o r  S t r u c t u r e  

Concept. - A d e t a i l   o f   t h e   r e f l e c t o r   n e t w o r k   i n   t h e   v i c i n i t y  
o f   t h e   r e f l e c t o r  r i m  i s  shown i n   F i g u r e   1 4 .  I t  c o n s i s t s   o f  a n e t  
of f l e x i b l e   s t a i n l e s s  steel  cab le s   suppor t ing  a "non- s t ruc tu ra l "  
gridwork  of  aluminized  ribbon  conductors.  The basic suppor t  
s t r u c t u r e   c o n s i s t s  of 240 r a d i a l  cables connec ted   by   40   para l le l  
c i rc le  cables. J o i n t s  between  the two sets  o f   cab le s  are pre-  
c i s e l y   l o c a t e d   t o   e n s u r e  metric accuracy of t h e  su r face .  

The  supporting cables are o f   t r i - f i l a r   c o n s t r u c t i o n .  Each 
s t r a n d  is made from a f l a t ,   t h i n   r i b b o n  and  spaced  f rom  the  others  
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as shown by t h e   i n s e t  of Figure   14 ,   t i ed   by   spotwelds  a t  approxi- 
mately 1-meter in te rva ls .  This   p rovides  a redundancy  of   the 
cab le   cons t ruc t ion   and ,   fo r   p rac t i ca l   pu rposes ,   e l imina te s   t he  
d a n g e r   o f   s e r i o u s   c o n t o u r   d e g r a d a t i o n   b y   a c c i d m t a l   f a i l u r e .  
Hinged j o i n t   r i n g s   p r o v i d e   t h e   c o n n e c t i o n s  a t  p o i n t s   o f   i n t e r -  
s e c t i o n   o f   t h e   s u p p o r t   g r i d .  

T h e   c o n d u c t o r   g r i d   f i l l s   i n   t h e   p a n e l s  made by t h e   s u p p o r t  
n e t .  I t  cons is t s   o f   the   a forement ioned   a luminized   po ly imide  s l i t  
panels   (F ig .  9) which are mounted t o   a l l o w   s l i g h t   b i l l o w i n g .  A s  
p rev ious ly   d i scussed ,   such  a c o n f i g u r a t i o n  i s  s a t i s f a c t o r y   f o r  
RE' r e f l e c t i v i t y .  

The   micrometeoro id   f rac ture   hazard   o f   th in  w i r e s  and f l a t  
t apes   u sed   i n   t he   r e f l ec to r   ne twork   cons t ruc t ion   has   been   ana lyzed  
by R. MacNeal (Ref. 6 ) .  The r e s u l t s  o f   t h i s   a n a l y s i s   a p p l i e d   t o  
r e f l e c t o r   r i b b o n s  and t o  a t r i - f i l a r   s u p p o r t   c a b l e   s y s t e m   a r e  shown 
i n   F i g u r e   1 5 .  

A reasonable  number o f  f r a c t u r e s   c a n  be t o l e r a t e d   f o r   t h e  
r e f l e c t o r   g r i d   w i t h o u t   n o t i c e a b l e   d e g r a d a t i o n   o f   r a d i o - t e l e s c o p e  
per formance .   For   ins tance ,   the   ana lys i s  shows t h a t  a mesh made 
from  conductors  2.5 mm w i d e  and 6 microns   th ick  w i l l  exper ience  
only  about  450 f r a c t u r e s  a y e a r .   I n   t e n   y e a r s ,   t h i s   a v e r a g e s  
only   about   one   f rac ture   per  20 m by 20 m panel.   Thus,   perfor- 
mance degrada t ion   f rom  th i s   sou rce  w i l l  be s m a l l .  F rac tu re   o f  
suppor t ing   cab le   e lements  w i l l  be more s e r i o u s   s i n c e   t h e y   a r e  
l i ke ly   t o   cause   con tour   dev ia t ions   exceed ing   t he   pos tu l a t ed  two- 
meter  value.  The des ign   of   the   cab le   cons t ruc t ion   has   been  
selected to   p roduce  a s i n g l e - f r a c t u r e   p r o b a b i l i t y   o f  less than  1 
p e r c e n t   i n   f o u r   y e a r s   o f   l i f e  t i m e  i n   o r b i t .   F r a c t u r e   e x p e r i -  
men t s   w i th   hype rve loc i ty   pa r t i c l e s   impac t ing  on f l a t   t a p e s  and  on 
composi te   t ape-cable   cons t ruc t ion  w i l l  be r e q u i r e d   i n   f u t u r e  work 
t o   v e r i f y   t h e   t h e o r e t i c a l   p r e d i c t i o n s .  

Deformations  and  Packaging. - An e s s e n t i a l   f e a t u r e   o f   t h e  
r e f l e c t o r   s t r u c t u r e  i s  t h e   f a c t   t h a t  it is  c e n t r i f u g a l l y   p r e -  
stressed by ro t a t iona l   mo t ion .  The c e n t r i f u g a l - f o r c e   f i e l d   a s s o -  
c i a t e d   w i t h   t h i s   m o t i o n   m u s t  be cons idered  as a p o r t i o n  of t h e  
s t r u c t u r e ,   c o n t r i b u t i n g   s i g n i f i c a n t l y   t o   a b i l i t y   t o  resist de le-  
ter ious  deformations  f rom  environmental   forces ,  much i n  th.e same 
sense a s   t h e   i n f l a t i o n   p r e s s u r e   w h i c h   p r o v i d e s   s t r u c t u r a l   i n t e g -  
r i t y   t o  a pneuniatic t ire,  t o  a b l i m p - t y p e   a i r s h i p ,   o r   t o  any 
o t h e r   p r e s s u r e - s t a b i l i z e d ,   l o a d - c a r r y i n g   s t r u c t u r e .  
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A r o t a t i o n a l   s p e e d   o f   o n e   r e v o l u t i o n   i n  11.4 minutes  has  been 
s e l e c t e d ,   c o r r e s p o n d i n g   t o  a l i nea r  v e l o c i t y  a t  t h e  r i m  of  approx- 
imate ly  14 meters/sec. This  speed w a s  selected a s  a compromise -- 
f a s t  enough t o   g e n e r a t e   t e n s i l e  stresses s u f f i c i e n t   t o   k e e p   t h e  
f l ex ib l e   ne twork  m e m b e r s  adequate ly  t a u t  and t o   a v o i d  dynamic , 

c o u p l i n g   w i t h   t h e  much s l o w e r   o r b i t a l   f r e q u e n c y ,   b u t   s u f f i c i e n t l y  
s low  to   keep   t he  demand f o r   o r i e n t a t i o n   c o n t r o l   t o r q u e s  a t  t o l e r -  
able l e v e l s .  The effect  of c e n t r i f u g a l   s t i f f e n i n g  is c l e a r l y  
ev idenced   by   r e fe r r ing   t o   t he   p l an fo rm  o f   t he   r e f l ec to r   g r id  shown 
i n   F i g u r e  13. The bas ica l ly   quadrangular   ne twork  texture has  no 
d i r e c t  ( i .e . ,  e 1 a s t i c ) c o n s t r a i n t s   a g a i n s t   d e f o r m a t i o n s   w h e r e   p a r -  
a l l e l  c i rc les  r o t a t e   r e l a t i v e   t o   e a c h   o t h e r .   F o r   t h i s   r e a s o n ,   t h e  
o r ig ina l   base l ine   conf igu ra t ions   wh ich   have   been  described i n  
p r e v i o u s   r e p o r t s  (see Ref. 7 ,  8, and 9)  u s e d   t r i a n g u l a r  mesh tex-  
tures .  A d e t a i l e d   a n a l y s i s   o f   t h e  dynamic  deformations  produced 
by  environmental   forces  showed,  however, t h a t   t h e   s h e a r i n g   s t i f f -  
ness   provided by the   d iagonal   e lements  w e r e  n o t   s i g n i f i c a n t l y  
g r e a t e r   t h a n   t h e   s t i f f e n i n g   e f f e c t   d e r i v e d  from c e n t r i f u g a l   f o r c e .  
I n   f a c t ,   c a l c u l a t i o n s  showed t h a t   t h e   d e l e t e r i o u s   o u t - o f - p l a n e  
mot ions   o f   the   sur face  w e r e  reduced   by   de le t ing   the   d iagonal  
s t i f f e n i n g  members, s i n c e ,  i n  t h i s  case, v ibra t iona l   energy   goes  
p r e f e r e n t i a l l y   i n t o   t h e   i n n o c u o u s   i n - p l a n e  mode of  deformation. 

A second,   and   more   s ign i f icant   advantage   o f   the   se lec ted   ne t  
t e x t u r e  i s  i t s  c a p a b i l i t y   t o   u n d e r g o   l a r g e  ( g o o )  shearing  deforma- 
t i o n s   b y   j o i n t   r o t a t i o n   a l o n e ,   w i t h o u t   r e q u i r i n g   i n - p l a n e   s t r a i n s  
o r   c r e a s e s   i n   t h e  material. T h e s e   c h a r a c t e r i s t i c s   a l l o w  a so lu-  
t i on   t o   t he   packag ing   p rob lem  wi thou t   r ecour se   t o   c r eas ing   o r  
loose- loop   format ion   in   the   ne t .  The k inemat i c   p rocess   o f   t he  
packaging  and  deployment  concept is shown schemat i ca l ly   i n   F igu re  
16.  I t  involves  a r e l a t i v e   s p e e d   d i f f e r e n t i a l   i n   t h e  r ee l  up of 
a d j a c e n t   r a d i a l   c a b l e s ,   c a u s i n g  a complete 90° s h e a r i n g   c o l l a p s e  
of   the   ne twork   in to  a narrow s t r i p  as e a c h   n e t   s e c t i o n   e n t e r s   t h e  
' 'octoroid"  package reel .  

This   ree l -up  method i s  a l so   sugges t ive   o f  a f e a s i b l e   f a b r i c a -  
t ion   concept .  The  network  of  support  cables i s  fab r i ca t ed   f rom 
pre-marked cable lengths ,   beginning  a t  t h e   c e n t r a l   p o r t i o n   o f   t h e  
r e f l e c t o r ,  and the  conductor  network, made from s l i t  aluminized 
s h e e t ,  i s  a t t a c h e d   t o   t h e   p a n e l s .  A s  each   c i r cumfe ren t i a l  row of  
pane l s  i s  complete, it i s  inspec ted  and r ee l ed   on   t he   oc to ro id  
assembly. By t h i s  method, t he   f ab r i ca t ion   a r ea   need   no t   exceed  a 
c i r c l e  of  approximately  20-meter  radius.  The f a b r i c a t i o n  and 
packaging  proceeds  continuously  and  simultaneously,  somewhat anal-  
ogous t o   t h e   p r o c e s s  employed i n   p r i n t i n g  a d a i l y  newspaper. 
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The c e n t r i f u g a l - f o r c e   f i e l d   p r o v i d e s  stress components i n  
p l a n e s   n o r m a l   t o   t h e   p a r a b o l o i d ' s   a x i s .   A x i a l  stress components 
must be p rov ided   by   t he   cen t r a l   mas t   s t ruc tu re  and t r a n s f e r r e d   t o  
t h e   r e f l e c t o r   n e t  by t h e   f r o n t   t e n s i o n i n g   t a p e s  and  by the  back-  
s tay  system. 

B e c a u s e   t h e   t o t a l   a x i a l  component  ,of t h e  membrane stresses 
is  cons tan t ,   t he   mer id iona l  stress i n  a pa rabo lo ida l  membrane 
m u s t   i n c r e a s e   i n d e f i n i t e l y  as t h e   a p e x   o f   t h e   p a r a b o l o i d  i s  ap- 
proached. To s a t i s f y   l o c a l   e q u i l i b r i u m ,   t h e   c i r c u m f e r e n t i a l  
stress must   correspondingly  decrease  and  eventual ly  assume l a r g e  
nega t ive  values,  i .e.,  t h e   p a r a l l e l  c i rc le  m e m b e r s  would  have t o  
carry  compressive  loads.   This  i s  c l e a r l y   n o t   p o s s i b l e   f o r   t h e  
f l e x i b l e   c a b l e   c o n s t r u c t i o n  employed i n   t h e   r e f l e c t o r .   A n a l y s i s  
shows (Ref. 9 )  t h a t   c i r c u m f e r e n t i a l  stresses w i l l  change  sign a t  
approximately 50 p e r c e n t   o f   t h e  r i m  r a d i u s ,  and from t h e r e  on 
inward   t he   on ly   poss ib l e   t ens ion   s t ruc tu re   fo r  a simple membrane 
wi thou t   c i r cumfe ren t i a l  stress is t h a t   o f  a tangent  cone. A s  
shown by   ana lys i s  and RF experiments  (Ref. 5) t h i s   c o n f i g u r a t i o n  
does   no t   y ie ld   acceptab le   ga in-pa t te rn   per formance .  

The approximat ion   to  a paraboloid  can be improved  by j u d i -  
cious  choice  of  the  back-stay  system  which  allows  the  tension 
membrane t o  assume the   shape   of  a compound cone. A conf igu ra t ion  
wi th  a s i n g l e  s e t  of back s t a y s  is shown i n   F i g u r e  13  and has  
been chosen   fo r   t he  c u r r e n t  baseline concept. 

The Cen t ra l   Mas t   S t ruc tu re  

One o f   t he   mos t   cha l l eng ing   des ign   t a sks   fo r   t he   r ad io  tele- 
scope i s  p resen ted   by   t he   cen t r a l   mas t   s t ruc tu re .  The mast  pro- 
v ides  t h e   a x i a l   t e n s i o n i n g  component f o r   t h e  network s t r u c t u r e .  
I t  i s  t h e r e f o r e   s u b j e c t   t o   c o m p r e s s i v e   l o a d s  and consequen t ly   t o  
i n s t a b i l i t y   f a i l u r e  modes. Th i s  i s  compounded by   v ibra tory   reso-  
n a n c e   ( c r i t i c a l   s p e e d )   d u e   t o   t h e   s t r u c t u r e ' s   r o t a t i o n .   I n   a d d i -  
t i o n ,   t h e   s t r u c t u r e   m u s t  be au tomat ica l ly   e rec ted   f rom a package 
t h a t  is no  more than  approximately 3 meters in   d i ame te r .  The 
u l t ima te   des ign   l oad ,  P,  i nc lud ing  a s a f e t y   f a c t o r   o f  1.5 is 5,2 
newtons (1.16 lbs) and the   span ,  L, between  loads i s  approximately 
760 meters o r  2700 f t .   T h i s   r e s u l t s   i n  a s t r u c t u r a l   l o a d   i n d e x ,  

P/L2, o f  1.3 x 10 p s i ,  -10 
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This   i ndex  i s  many o r d e r s  of magnitude lower t h a n  would be 
found   i n   conven t iona l   des ign  practice,  and   t he re  is very  little 
r e c o u r s e   t o  applicable e x p e r i e n c e   i n   d e c i d i n g  upon a s u i t a b l e  de- 
s i g n   c o n f i g u r a t i o n .  However, it is clear f r o m   t h e   o u t s e t   t h a t  
fo r   r ea sonab ly   d imens ioned   s t ruc tu ra l  members, the  working stress 
levels w i l l  be exceedingly  l o w  and t h a t   c o n s i d e r a t i o n s   o f   f o l d a -  
b i l i t y ,  e l a s t i c  s t a b i l i t y ,  and i n i t i a l   i m p e r f e c t i o n s  w i l l  dominate 
t h e  d e t a i l  des ign .  An open l a t t i c e  column appea red   t o  be d e s i r -  
able, s i n c e  it m i n i m i z e s   t h e r m a l   d i s t o r t i o n s   f r o m   d i f f e r e n t i a l  
s o l a r   h e a t i n g  and s i n c e  it c o n c e n t r a t e s   t h e   s t r u c t u r a l   m a t e r i a l  
i n t o   r e l a t i v e l y  compact  individual  elements.   Such a column de- 
s i g n  i s  shown i n   F i g u r e  1 7 .  I t  c o n s i s t s   o f   t h r e e   l o n g e r o n s   c o n -  
nected  by swivel j o i n t s   t o   t r i a n g u l a r   b a t t e n   f r a m e s  a t  r e g u l a r  
i n t e r v a l s .  A d e t a i l   o f   t h e   s w i v e l   j o i n t  is shown i n   F i g u r e  18. 
S h e a r i n g   a n d   t o r s i o n a l   s t i f f n e s s  i s  p rov ided   by   d i agona l   t ens ion  
m e m b e r s  i n   t he   r ec t angu la r   pane l s   fo rmed   by   ad jacen t   l onge rons  
and   ba t t ens .  

A d e t a i l e d   d e s i g n   a n a l y s i s   a n d   s t r u c t u r a l  t e s t  program f o r  a 
l i gh t ly - loaded  l a t t i c e  mast has   been   r epor t ed   i n   Re fe rence  1. I t  
w a s  o b s e r v e d   t h a t   d e v i a t i o n s  f r o m  g e o m e t r i c a l   p e r f e c t i o n   ( i . e . ,  
i n i t i a l  bows) i n   i n d i v i d u a l  members and i n   t h e   o v e r a l l  mast a l i g n -  
men t   p ro found ly   a f f ec t   t he   s t ruc tu ra l   pe r fo rmance   i n  terms of  
r i g i d i t y  and r e s i s t a n c e   t o   l o c a l   o r   g e n e r a l  e l a s t i c  buckl ing .  On 
t h e  basis o f   t h e s e   s t u d i e s ,   s t r a i g h t n e s s   r e q u i r e m e n t s  w e r e  pos tu-  
l a t e d .   F o r   i n d i v i d u a l  members, t h e   i n i t i a l  bow is  n o t   t o   e x c e e d  
a v a l u e   e q u a l   t o   t h e   r a d i u s   o f   i n e r t i a   o f   t h e   c r o s s - s e c t i o n  
( i . e . , O . l 7 3 i n .   f o r   0 . 5   i n .   t u b i n g ) .   F o r   t h e   t o t a l  m a s t  assembly 
t h e   i n i t i a l  bow i s  n o t   t o   e x c e e d   f o u r  r a d i i  o f   i n e r t i a  ( i . e . ,  
4.25 meters) o r   a p p r o x i m a t e l y   0 . 5   p e r c e n t   o f   t h e   t o t a l  mast l eng th .  
T h i s  l a s t  c o n d i t i o n  w i l l  r e q u i r e   c a r e f u l   r i g g i n g   a n d   o p t i c a l  
checkout   of   the   mast   assembly.  

A d e s i g n   t r a d e o f f  is p r o v i d e d   i n   t h e   s e l e c t i o n   o f   t h e   d i s -  
t ance   be tween  ad jacent   ba t ten   f rames .   Close   spac ing   a l lows   the  
l o n g e r o n s   t o  be made l i gh te r   because   o f   t he   i nc reased   f r equency  
o f   s u p p o r t s   p r o v i d e d   b y   t h e   b a t t e n   j o i n t s ;   h o w e v e r ,   t h e  number o f  
b a t t e n   f r a m e s   a n d   j o i n t s ,   a n d   t h e i r   a s s o c i a t e d   w e i g h t  i s  c o r r e s -  
pondingly   increased .   F igure  19  shows t h e  mass v a r i a t i o n   o f  
ba t t en   f r ames   ( i nc lud ing   j o in t s )   and   l onge rons   ve r sus   ba t t en   spac -  
ing,  assuming  aluminum  tubing  with w a l l  t h i c k n e s s   o f  0.01 i n .  as  
design  e lements .  A minimum t o t a l  mass is o b t a i n e d   f o r  a b a t t e n  
spacing  of   approximately  2 .5  meters. The des ign   va lue   o f  2 .6  
meters h a s   b e e n   s e l e c t e d   t o   r e d u c e   t h e  number o f   j o i n t s  a t  a 
n e g l i g i b l e   p e n a l t y  of overal l  weight .  
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B e c a u s e   o f   t h e   v e r y   l i g h t   s t r u c t u r a l   l o a d s  imposed  upon t h e  
mast ,   the   individual   components   can be made from  very  slender,  
thin-wal led aluminum tubing.   This  i s  exp lo i t ed   i n   t he   package  
and  deployment  mechanism as shown i n   F i g u r e  20. 

I n  t h e  packaged   conf igu ra t ion ,   t he   t h ree   l onge rons  are  e l a s -  
t i c a l l y   b e n t   i n t o  a t i g h t l y  compressed c o i l   c i r c u m s c r i b i n g   t h e  
t r iangular   ba t ten   f rame  wi th   each   f rame  ro ta ted  by an   appropr i a t e  
a n g l e ,   w i t h   r e s p e c t   t o  i t s  adjacent   f rame.   This   conf igura t ion  
can be shcwn t o  be m e t r i c a l l y   e q u i v a l e n t  t o  the  deployed  condi- 
t i o n .  The m a s t  s t r u c t u r e  can go from the  packaged t o  the  deployed 
cond i t ion  by a t r a n s i t i o n   i n  which   the   d i s tances   be tween  ba t ten  
frame  joints   are   reduced  f rom  their   nominal   value  of  2.64 m by 
approximately 8 pe rcen t .   Th i s  i s  accomplished by r a d i a l l y   i n -  
ward-d i rec ted   forces   exer ted  upon t h e   t h r e e   b a t t e n   f r a m e   j o i n t s  
by compress ion   pu l leys .   These   forces   cause   the   th ree   ba t tens   to  
b u c k l e  e l a s t i c a l l y   i n  t h e  t r a n s i t i o n   s e c t i o n  of the  deployment 
mechanism  and t h e   d i a g o n a l  m e m b e r s  t o  become t empora r i ly   s l ack .  
A s  the   mas t   emerges   f rom  the   t rans i t ion   sec t ion ,   the   ba t tens  w i l l  
e l a s t i c a l l y   r e c o v e r  and  become s t r a i g h t  i n  the  deployed  configura-  
t i o n .  

The deployment   canis ter  i s  provided  with a ro ta ry   d r ive   which  
turns   the   packaged   por t ion ,   thus   feeding   the   mas t   longerons   in  a 
h e l i c a l ,   s p a c e - f i x e d   p a t h   i n t o   t h e   t r a n s i t i o n   s e c t i o n .   T h r e e  
s t r a i g h t   b e l t   a s s e m b l i e s   e n g a g e  a s h o r t   s e c t i o n  of the  deployed 
m a s t ,  p rov id ing   pos i t i ve   mo t ion .   Th i s   s t r a igh t   s ec t ion   a l so   p ro -  
v ides  t h e   c a n t i l e v e r e d  base suppor t   to   the   ex te rna l   deployed   mas t .  

A pho tograph   o f   t he   t r ans i t i on   s ec t ion  of a s c a l e  model is 
shown i n   F i g u r e  21 .  A complete m a s t  and  deployment  assembly s i m i -  
l a r   t o   t h a t   d e s c r i b e d   h e r e  is shown i n   p a r t i a l l y   d e p l o y e d   c o n d i -  
t i o n   i n   F i g u r e  22 .  

Packaging  and  Deployment 

A packaged   conf igura t ion   of   the  LOFT s t r u c t u r e  i s  shown i n  
F igu re  23 ,  The overa l l   package   d imens ions   have   been   chosen   to  
f i t   i n t o  a modi f ied   T i tan  I11 booster  payload  shroud. The  pack- 
age i s  ar ranged   a round  the   cen t ra l   mas t -deployment   can is te r .  The 
r e f l ec to r   ne twork  is packaged  on  the  octoroid  assembly  which,   in  
t u r n ,  i s  supported  f rom  the base p l a t e   o f   t h e   m a s t   c a n i s t e r .   F r o n t  
s t a y s  and a p o r t i o n   o f   t h e   b a c k   s t a y s  are packaged  on t h e i r  re- 
s p e c t i v e   b o b b i n   r i n g s ,   t h e  r i m  s t r u c t u r e  is p laced   a long   t he  
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per iphe ry   o f   t he   cen t r a l ,   mas t   can i s t e r .  A sepa ra t e   dep loyab le  
m a s t  assembly  supports   the  back-stay  bobbin  r ing  and a similar 
deployable   sp in-up-motor   suppor t   s t ruc ture   ex tends   f rom  the   f ront  
e n d   o f   t h e   c e n t r a l  m a s t ,  

Af te r   e jec t ion   of   the   boos te r   shroud,   the   sp in-up-motor   sup-  
p o r t  is extended and the  spin-up  propuls ion  system is i g n i t e d .  
A s  to rque  i s  t r a n s f e r r e d   t o   t h e   p a c k a g e ,   t h e   r e f l e c t o r  r i m  p u l l s  
away i n  a rad ia l ly   ou tward   mot ion ,   cont ro l led  by payout   o f   the  
f r o n t   s t a y s  and r e f l e c t o r   n e t .  

A f t e r  t h e  r e f l e c t o r  r i m  has   c leared   the   package  and adequate 
s p i n  ra te  has   been   r eached ,   t he   cen t r a l   mas t  and  back-stay  support  
are pa r t i a l ly   dep loyed   t o   avo id   i n t e r f e rence   be tween   t he   va r ious  
p o r t i o n s   o f   t h e   s t r u c t u r e   ( F i g .  2 4 ) .  

F igu re  25  shows,   schemat ica l ly ,   the   fur ther   course  of r e f l e c -  
tor-net  deployment.  Angular momentum is  c o n t i n u a l l y   t r a n s f e r r e d  
f rom  the   sp in   p ropu l s ion   sys t em  th rough   t he   f ron t   s t ays   t o   t he  
r e f l e c t o r , a n d   r a d i a l   d e p l o y m e n t  is cont inued .   Dur ing   th i s   phase ,  
t h e  backwound p o r t i o n   o f   t h e   b a c k - s t a y   c a b l e s   a r e   t r a n s f e r r e d   t o  
the  back-stay  bobbins .  The sp in   p ropu l s ion   sys t em i s  programmed 
t o   p r o v i d e   t h e   t o t a l   a n g u l a r  momentum t o   t h e  LOFT s t r u c t u r e   a t  a 
t i m e  when approximately 60 p e r c e n t   o f   t h e   r e f l e c t o r  is deployed. 
The propuls ion  system is then s h u t  down and the   r ad ia l   dep loymen t  
c o n t i n u e d .   C o r i o l i s   f o r c e s  now s l o w   t h e   r o t a t i o n a l   s p e e d ,  as 
the  network i s  deployed   in to   an   approximate ly   f la t   d i sk .  When 
t h e   f u l l   r a d i u s  i s  reached,   the   radial   deployment   ceases   and  the 
c i r c u m f e r e n t i a l   s u p p o r t   c a b l e s  become t a u t .  

The c e n t r a l  m a s t  and back-s tay   suppor t   a re  now fu l ly   ex t ended ,  
b r i n g i n g   t h e   r e f l e c t o r   n e t w o r k   t o  i t s  des i red   geometr ica l   contour  
b y   p u l l i n g   t h e   r a d i a l   s u p p o r t  cables t a u t .   A f t e r   t h e   f i n a l   p h a s e  
of   the  mast   deployment ,   the   feed  network  s t ructure  is deployed 
from i t s  package. The complete LOFT s t r u c t u r e  i s  now r e a d y   f o r  
i n - f l i g h t   c h e c k o u t  and o p e r a t i o n .   C a l c u l a t i o n s  show t h a t   t h e  
complete  deployment  sequence  can be accomplished  in  less than  two 
days ( R e f .  1). Improved c o n t r o l s   a l l o w  a r educ t ion   o f  t h i s  t i m e ,  
if des i red ,   to   approximate ly  two hours .  

Ground- and  Fl ight-Test   Evolut ion 

A major  task  ahead i s  a s s o c i a t e d   w i t h   t h e  enormous s i z e  (as 
sca l ed   by   t he  human body) of t h e   r a d i o   t e l e s c o p e   s t r u c t u r e .   T h i s  



causes   psychologica l  as w e l l  as t echn ica l   p rob lems ,   pa r t i cu la r ly  
s i n c e  it must be f r a n k l y   a d m i t t e d   t h a t   t h e r e  is no p r a c t i c a l  
method i n   s i g h t   t h a t  wou ld   a l low  the   s t ruc tu re   t o  be f u l l y  de- 
ployed  and  inspected  in   ground test  f a c i l i t i e s ,  l e t  a lone  be 
s u b j e c t   t o   t h e   f u l l - s c a l e ,   s i m u l a t e d   s y s t e m s  tests which  have be- 
come a c c e p t e d   p r a c t i c e   i n  more o r  less conventional  space  systems 
hardware  development.   This  si tuation i s  compounded by t h e   u s e   o f  
r o t a t i o n a l   m o t i o n   a s  a means o f   s t r u c t u r a l   s t a b i l i z a t i o n   i n   f r e e  
space .   Whi l e   t he   e f f ec t s   o f  a c e n t r i f u g a l - f o r c e   f i e l d  upon a 
s t r u c t u r e  and t h e   s t r u c t u r e ’ s  dynamic   response   to   d i s turb ing  
effects i s  no less subject t o   d e t e r m i n i s t i c   p r e d i c t i o n   t h a n   t h a t  
o f   s i m p l e   g r a v i t y   l o a d s   o n   e q u a l l y   l a r g e   c i v i l   e n g i n e e r i n g   s t r u c -  
t u r e s  such as dams, suspens ion   br idges ,  domes, etc. ,  they are much 
less accessible t o   t h e   i n t u i t i v e   a p p r a i s a l  by a m a j o r i t y   o f   t h e  
t e c h n i c a l  community. 

F i n a l l y ,   t h e   p r o p o s i t i o n   o f  a s t r u c t u r e   t h a t   c o n s i s t s   o f  a 
diaphanous  network made f rom  mi l l i ons   o f   t h in   r i bbons  and wires 
invokes  the  idea  of   inexorable   snags  and  snar ls   for   which  there  
e x i s t s   v e r y  little i n   t h e  way o f   r i go rous   eng inee r ing   ana lys i s  
procedures  (Ref.  10). 

From t h i s  it is c l e a r   t h a t  a ca re fu l ly   paced   evo lu t ion   o f  
technology  must   take  place in   the   form  of  tests and  experiments 
with  engineer ing  models   of  i n c r e a s i n g   s i z e  and  complexity. 

A 2-meter-diameter r e f l e c t o r  n e t  and f r o n t   s t a y   a s s e m b l y   h a s  
been  constructed  and tes ted  by  spinning  in  a r o t a r y  chamber (See 
Fig.   26) .  Good contour  accuracy and s t a b l e  dynamic  response  char- 
a c t e r i s t i c s   a r e   e v i d e n c e d   i n   t h e s e  tests. 

A 5-meter (1/300 o f   f u l l   s c a l e )  model  has  been  designed  (Fig. 
2 7 )  and is present ly   under   cons t ruc t ion .  The s i z e  was determined 
as t h e   l a r g e s t   s c a l e  model t h a t   c o u l d  be reasonably tes ted i n  a 
l a r g e  vacuum chamber a t  s u f f i c i e n t l y   s l o w   s p e e d s   t o   k e e p  stresses 
i n   t h e  d e s i r e d  r a n g e ,   b u t   w i t h o u t   i n c u r r i n g   s i g n i f i c a n t   g r a v i t y  
e f f e c t s .  I t  c o n t a i n s  a l l  t h e   e s s e n t i a l   s t r u c t u r a l  components 
including  deployment  mechanisms  for m a s t ,  octoroid  assembly,  and 
f ront -s tay   bobbins .   This  model w i l l  be deployed  from a r o t a r y  
table i n  a l a r g e  vacuum chamber. P r o v i s i o n s   a r e  made t o   e x c i t e  
t he   sp inn ing  model  by a v a r i e t y   o f   d i s t u r b i n g   f o r c e s  and t o  re- 
co rd   t he  t i m e  sequence   of   ne twork   sur face   deformat ions   assoc ia ted  
wi th   t hese   d i s tu rbances .  A d e t a i l e d  dynamic ana lys i s   o f   p re -  
d i c t ed   r e sponses  is conducted,   us ing  the same t h e o r e t i c a l  methods 
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, 

u s e d   i n  the  s t r u c t u r a l  dynamics a n a l y s i s  of t h e   f u l l  s ize  s t r u c -  
t u re .   Cor re l a t ion   be tween   expe r imen t   and   p red ic t ion  is expec ted  
t o  va l ida te  t h e  t h e o r e t i c a l   a n a l y s i s .  
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CONCLUDING REMARKS 

C l e a r l y ,   p r o v i n g   t h e   f e a s i b i l i t y  and explor ing   the   t echnology 
r e q u i r e d   t o   b u i l d  LOFT w i l l  n e c e s s i t a t e   f l i g h t  tests. An obvious 
s t e p   i n   t h i s   d i r e c t i o n  is t o   f l y  t h e  5-meter  model a s  a payload 
on a sounding  rocket   such as the  Aerobee 150. Pre l iminary   s tudy  
i n d i c a t e s   t h a t   d e p l o y m e n t   i n  a s c a l e d   r e a l i s t i c   f a s h i o n ,   t e s t i n g  
of   s t ruc tura l   dynamics ,  and recovery  of  f i l m  would be p o s s i b l e  
du r ing   t he   s eve ra1 , ava i l ab le   minu te s   o f   ze ro -g  vacuum condi t ions .  

La rge r   s t ruc tu ra l   mode l s  (50 t o  150 meters) w i l l  be r equ i r ed  
t o   p r o v e   o u t  r ea l i s t i c  materials, j o i n t s ,   f a b r i c a t i o n ,   p a c k a g i n g ,  
and  deployment. H e r e ,  f o r   t h e   f i r s t  t i m e ,  t h e   s t r u c t u r e   c a n n o t  
be ground t e s t e d   a s  a whole  before   launch.   Such  tes t ing  could be 
aided  tremendously  by  being  done as p a r t   o f  a manned o r b i t a l   s p a c e  
program. I n t e l l i g e n t   o b s e r v a t i o n  and in t e rac t ion   w i th   t he   dep loy-  
ment  process of  t h e   l a r g e r - s c a l e   r e f l e c t o r   s t r u c t u r e s   a p p e a r s   t o  
be eminen t ly   des i r ab le .   Pa r t i cu la r ly ,   t he   Apo l lo   App l i ca t ions  
(AAP) manned f l i g h t  program  provides a system  by  which  man's 
a b i l i t y   t o   o b s e r v e ,   i n t e r p r e t ,  and a c t   i n t e l l i g e n t l y   c a n   v a l i d l y  
be appl ied   to   the   deve lopment   o f   non-ground- tes tab le   space   f l igh t  
hardware  (Ref. 1 0 ) .  
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Figure  1. LOFT Basel ine  Concept  
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Gkound' 
Station 

Figure 3. Operation in Interferometry Mode With 
Ground S t a t i o n  a t  Frequency > 10 MHz 

27 



/ 

Figure  4. Opera t ion   i n   In t e r f e romet ry  Mode With  Second 
Orbi ta l  Receiver a t  Frequency < 10 MHz 
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Plane  of  Lunar  Orbit  

l a n e  of Lof t   Orb i t  

” 

- 5 O  
i e s  

Figure 6. Lunar  Occultation  Experiment  from 
Orbi ta l   Rece iver  
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Figure 7. Plasma Frequency a s  a 

Induct lve Loss and 
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Total   Reflector  Mass, kg 

Function of Altitude.  Derived 
from the   Equa to r i a l   P ro f i l e  
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Figure 8. Geometrical  and Ohmic Power Loss 
vs Conductor Mass f o r  1500-Meter 
Reflector  Made  From  Aluminum 
Ribbon  Gridwork.  Ribbon Dimen- 
s ions:  0 . 1  x 0.0005 in .  



Figure  9. S l i t  Aluminized  Polymer  Film  Conductor  Grid 
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F igure  10. Mass of Conductor G r i d  vs  Conductor 
Spac ing   for  1/4 M i l  Polymer F i l m  
Coated  with Aluminum. Transmis- 
s i v i t y :  0.02 a t  10 MHz. 
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E f f e c t  of Reflector  Shape  and  Feed  System, 
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F i g u r e  13. Near Parabolic LOFT Concept 



S u p p o r t  Cable 

Aluminized  Conductor 

J o i n t  Detai l  

F igure  14. R e f l e c t o r  Network Deta i l  
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I Support  cable system: 
3 s t r a n d s  of 20 x 0.5 m i l  I 

.g le 
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LO 

Figure  15. Micrometeoroid  Fracture  of Conductor 
Grid  and  Support  Cable System 
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Figure  16. Schematic  Folding  Concept 
for  Reflector N e t  
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zcd611523 m  radius 
2.64 m 

Structural  elements 
Longerons:  7075  -T6  Aluminum  Tubing 

1.22  cm  dia x 0.033  cm  wall 
thickness. 

Battens:  7075-T6  Aluminum  Tubing 
1.22  cm  dia. x 0.0254  cm  wall 
thickness. 

Diagonals:  2024-T3  Aluminum  Foil  Strips 
0.508 cm  wide x 0.00254  cm  thick 

a)  Overall  LOFT 
Mast 

b) Section  Detail 

Figure 17. Baseline Design of LOFT Mast 
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Figure 18. 
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LOFT Mast Jo in t   De ta i l  
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Figure 19 .  Mass Tradeoff  f o r  Lattice Column Made from 0.25 mm Wall 
Thickness Aluminum Alloy  Tubing 
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Figure 21. P a r t i a l l y  Deployed 
Column 

Figure 22. Column Folding i n t o  
Canis te r  



Figure  23. Launch Package 
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Front-Stay 

<&Back-Stay Spool 

I N I T I A L  D E P L O Y M E N T  

D E P L O Y E D  6 0% 

F U L L Y   D E P L O Y E D  

F igure  25. Schematic of R e f l e c t o r ,  Back-Stay  and  Front- 
Tape R e e l  -Out Kinematics 
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Schematic V i e w  

S p i n  Test 

F i g u r e  26.  2-Meter  Model 
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Model Spin Motor 
(Existing) 

Figure 27. Schematic  View of 5-Meter Model 
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